The goal of the current study was to assess the Employee Engagement Instrument (EEI) 
INTRODUCTION
he validation of assessment instruments is a vital prerequisite in most fields such as psychology, education, training, human resources and other related behavioural fields. In most cases, assessment instruments are tested in a single organisation or in different organisations in one country (Abrams, Lee, Brown, & Carr, 2015; Martins & Da Veiga, 2015; Martins, 2014; Moerdyk, 2009 ) for validity and reliability for the total population. The validation of assessment instruments is generally not applied among homogeneous groups (i.e. one group with the same gender, language, qualifications or national culture) or the same context (see Egri, 2013; Fahr, Cannella, & Lee, 2006; Johns, 2006; Rousseau & Fried, 2001; Tsui, 2006; Whetten, 2009) . When comparing groups, researchers often assume that the assessment instrument measures the same psychological construct in all groups or operates exactly in the same way for each group under investigation (Byrne, 2004; Dimitrov, 2010; Martins, 2014; Milfont & Fischer, 2010; Nel & Boshof, 2014; Rock, Werts, & Flaugher, 1978; Tay, Meade, & Cao, 2015) . Milfont and Fischer (2010: 112) summarise this research dilemma as follows: "Despite its appeal, this assumption is often not justified and needs to be tested." According to Meiring, Van de Vijver, Rothman, and Barrick (2005) and Moerdyk (2009) , South African researchers have to consider the diverse South African population in measurement. This observation is supported by many studies reporting on measurement equivalence (ME) testing across different groups, which concluded either partial invariance or non-invariance (e.g. see Dawson, Sotelo, Roesch & Klonoff, 2014; González & Jenkins, 2014; Horn & McArdle, 1992; Spurk, Abele, & Volmer, 2015) . According to Strasheim (2011: 38) and Steenkamp and Baumgartner (1998:78) , using instruments that are not invariant across groups may lead to invalid findings, which may limit the usefulness of the study or measurement.
Currently, two methods are commonly used for assessing measurement equivalence/invariance. One method is based on confirmatory factor analysis (CFA) and the other on item response theory (IRT) (Meade & Lautenschlarer, 2004: 361; Raju, Laffitte, & Byrne, 2002: 517; Reise, Widaman, & Pugh, 1993: 552) . According to some authors (Raju et al., 2002; Tay et al., 2015 :4) , IRT can provide different and potentially more useful information for the establishment of measurement invariance. Several articles are available in the literature discussing the various methods (Abrams et al., 2015; Embretson & Reise, 2000; Hays, Morales, & Reise, 2000 , Dimitrov, 2010 Makransky & Bilenberg, 2014; Steenkamp & Baumgartner, 1998; Vandenberg & Lance, 2000) ; or the similarities As such, this study might provide deeper insight into the measurement of engagement of employees across different size organisations that might be significant for theoretical advances in employee engagement research and for practitioners in particular. This is one of the first studies to report on the testing of ME for engagement, in particular in a multicultural society.
RESEARCH OBJECTIVES
The main objectives of this study were as follows: (1) to confirm the factor analytic structure of the measure; (2) to determine the model fit for the individual scales of the EEI; and (3) to determine the measurement invariance of the EEI as a function of annual turnover.
Research Approach
The researchers initially applied exploratory factor analysis to evaluate the factorial structure of the instrument and Cronbach's alpha to determine/ establish the internal reliability of the scale and subscales. The internal reliability and construct validity were again confirmed in a second study by means of confirmatory factor analysis (CFA) (Nienaber & Martins, 2015) . In order to further unpack the questionnaire's factorial analytic structure, it was decided to conduct an IRT analysis. IRT can be described as a collection of models designed to statistically analyse items in the scale for the purposes of test development, validation and scoring (source). It is considered a technique that offers several advantages over the traditional classical test theory (CTT) approach (Ho Yu, 2010) , including the following:
• In CTT, the unit of analysis is typically an aggregate (e.g. a summed or mean test score). IRT, as the name suggests, focuses on an item level and assesses how said item is related to an estimated latent trait (Fan, 1998) .
• Owing to the fact that IRT calculations are said to be sample or test independent, item parameters can be compared across samples. Conversely, CTT calculates an individual's score in the context of a specific questionnaire and item properties only hold true for that sample.
• IRT also calculates item-independent respondent measures. This implies that a group of test takers can complete different sets of items, yet be measured on the same scale of performance.
• As an item level analysis technique, IRT can provide a measurement of individual error, as opposed to CTT's total standard error of measurement.
In addition to the advantages outlined above, there is also an important consideration that relates specifically to the Likert scale categorical response format of the EEI. In CTT, Likert scale data is often assumed and treated as an interval or ratio level of measurement, and unit increases in the rating scale are assumed to be equal (Bond & Fox, 2007) . Many researchers find this assumption worrisome, given the fact that an equal distance between numbers is not a true reflection of Likert data (Linacre, 2005) . If we hold Likert scale items to the ordinal level of measurement, then this would render parametric statistics untenable.
• A restricted MIRT and/or unidimensional model (CFA equivalent) was conducted on each group within each DIF variable. In other words, the overall sample was split into two, three or four, depending on the number of subgroups. Separate models were conducted for annual turnover, and factor loadings were examined to assess if there were any significant differences.
• Thereafter, restricted multigroup MIRT modelling was conducted -this analysed all groups within the same model to determine differences in terms of factor loadings and means. It is important to note that only items loading on designated factors were freely estimated similar to multifactor CFA analysis. This output helps to determining whether form equivalence exists for the total model of engagement.
• In order to identify specific areas of non-invariance, each subscale was analysed separately to examine differences that were flagged in the previous step. Unidimensional multigroup analyses also provided item-level statistics to assess the requirement of local independence.
The results of the above analyses were collated to assess whether the questionnaire data met the requirements of configural invariance. Thereafter, metric invariance was assessed via a DIF analysis. According to Hair et al. (2010) , Dimitrov (2010) , Raju et al. (2002) and Tay et al. (2015) , metric invariance is a critical test of invariance, and the degree to which this is met, determines cross-group validity beyond the basic factor structure. 
RESEARCH PROCEDURE
The database of a research company was used in this study. The database in question consisted of approximately 285 000 businesspeople from various industries -including government institutions, sizes of business and who occupies different roles, reflecting the profile of the South African working population. The database was permissioned -that is, everybody in the database gave their permission to participate in online surveys. An electronic survey, administered by the iFeedback.co.za online data collection portal, was used by means of a mass e-mail invitation over a period of three weeks. Each potential participant received a personalised e-mail stating the purpose of the investigation and that the survey would take approximately 15 minutes to complete, and inviting them to participate in the survey on a voluntary, confidential and anonymous basis .
Population and Sampling
The majority of respondents resided in Gauteng (58.8%), the business hub of South Africa, and had been working at their company for over six years (74.3%).
Notably, 77.8% of the respondents were born before 1977, making them 38 years and older. In light of this information, it makes sense that many occupied executive, senior or management level positions at their organisation. A disproportionate percentage reported having a postgraduate qualification, while 54% also indicated that their organisation's annual turnover was more than R64 million. This implies that the sample consisted of a large number of formally educated and older individuals who held senior positions at companies.
The demographic items received few missing responses. Specific questions were asked about each industry to determine the exact sector of the respondents' organisations. These garnered the highest volume of missing responses.
Metric Invariance
Scalar invariance
• DIF unidimensional IRT
• Not tested as requirements for metric invariance not fully met. 
Research Questionnaire
The Employee Engagement Instrument (EEI), which was developed by Nienaber and Martins (2014) (and used with permission), measures engagement concurrently at the individual (organisational satisfaction and commitment), team (team and line manager) and organisational levels (strategy and customer service), in a multicultural environment. This instrument builds on existing research and was adapted for the South African context. Nienaber and Martins (2015: 16-17) reported on the validity and reliability of the instrument in the second phase of the research. The EEI questionnaire used for the current study consisted of eight biographical items, 50 Likert scale test items, the date of test completion and a unique identifier for each candidate. All identifying information was removed from the data to ensure ethical compliance and the respondents' anonymity. The sample size was 4 099 . 1 = strongly disagree; 2 = disagree; 3 = unsure; 4 = agree; 5 = strongly agree
The reliability results are reported below: Source: Martins & Ledimo (2016) Analysis shows that the majority of respondents answered with options 3, 4 or 5. Options 1 and 2 were rarely selected by respondents. Items were negatively skewed with reported mean values of +-3.5 to 4. Certain items received a broader range of responses, while others (e.g. those in the Team subscale) were more likely to generate positive answers of "agree" or "strongly agree".
No items reported missing data.
RESULTS

Unrestricted and Restricted Exploratory Factor Analysis (EFA)
EFA was conducted in SPSS 23 for the purposes of reviewing the underlying factor structure of the questionnaire. Both unrestricted (all items included) and restricted (only items for one subscale included) analyses were conducted. The method of extraction for both unrestricted and restricted EFAs was maximum likelihood with Promax Kappa 4 rotation. The number of extracted factors was based upon eigenvalues greater than 1. Factor loadings were sorted by size with coefficients smaller than 0.20 suppressed.
Kaiser-Meyer-Olkin's measure was performed and demonstrated sampling adequacy with all values greater than 0.86. Bartlett's test of sphericity was also conducted with p < 0.001 across all EFA analyses.
The restricted EFAs showed a single factor solution for each subscale, explaining between 47% and 67% of the total variance. Communalities were all above the accepted cut-off point of 0.50 (Hair et al., 2010) .
The rotated pattern matrix for the unrestricted (all items included) EFA is depicted in Table 3 . The item number and corresponding subscale are provided to give context to the factor loadings. Items whose factor loadings are highlighted in grey cross-load across two or more factors. Based on the results of the unrestricted EFA, six factors were identified and labelled as follows: It is evident that four out of the six factors were aligned to the theoretical factor structure of the questionnaire. However, items from Strategy and Implementation, and Customer Service did not load on to distinct factors; instead, they showed mixed results with items loading on non-designated factors. This is in line with the results of the restricted EFA that showed that Customer Service explained the lowest total variance out of the six subscales (47%).
Factor 6 reflects a number of items from Strategy and Implementation and Customer Service that centred around the strategy and future of the organisation. Item 56 ("My performance is linked to the strategy of the organisation") was theoretically clustered in Strategy and Implementation, and it thus made sense to move it to this dimension, owing to the fact that it loaded strongly on to said factor.
The items on factor 3 did not demonstrate any overt similarities. The group of items from Strategy and Implementation focused on accountability and encouragement. The group of items from Customer Service focused on going above and beyond for clients by providing feedback and exceeding expectations.
On factor 1, all items except one belonged to Team. The Customer Service item ("We identify the right opportunities for our customers") could have loaded here owing to the use of the term "we" -implying a team approach to servicing clients. However, this item was problematic in that it is cross-loaded on to both factor 1 and factor 3.
As discussed above, conducting an EFA within the CTT framework can be considered problematic, as ordinal data is treated as equal interval data. Also, Brown (2005) found that EFA is plagued by statistical artefacts such as overfactoring and Heywood cases, especially when a large number of items are factor analysed at the same time.
The questionnaire data was thus re-examined from an IRT perspective. IRT analysis was conducted from both a unidimensional and multidimensional perspective -although multidimensional item response theory (MIRT) was the primary focus.
Unidimensional IRT analysis
All IRT analysis was conducted using IRTPRO version 3 for Windows. IRTPRO (item response theory for patientreported outcomes) models item calibration and scoring based on unidimensional and multidimensional versions of widely used IRT response functions.
For the unidimensional analyses, the Bock-Aitkin (BAEM) computational method (Bock & Aitkin, 1981) was utilised for item parameter estimation. The computation of scale scores was completed according to the expected a posteriori (EAP) method. 
Unrestricted MIRT
The unrestricted multidimensional IRT (MIRT) analysis included all items of the scale-based questions and can be considered analogous to a CTT unrestricted EFA. For the purposes of the current study, it was compared to the outcomes obtained from the EFA to determine if the EEI's factor structure remained similar when analysed from an IRT perspective.
Item parameter estimation for the MIRT models throughout this study was calculated according to the MetropolisHastings Robbins-Monro (MHRM) method, recommended for analyses with more than two factors or dimensions (Cai, 2010) .
The oblique rotated factor loadings for the unrestricted MIRT are depicted in Table 5 . The values in brackets represent the factor loadings on the unrestricted EFA analysis as shown in Table 5 . Those items highlighted crossload on to multiple factors and could be deemed problematic. The metrics in Table 5 show a measure of correspondence between the EFA (CTT) results and the unrestricted MIRT. However, there were a few cases where factor loadings were not similar, or where items loaded on to different factors.
Restricted MIRT
Given the large degree of correspondence of the unrestricted MIRT to both the unrestricted EFA and the questionnaire's theoretical structure, a restricted MIRT was conducted that prespecified the factor loadings. In other words, all non-relevant factor loadings were constrained to zero, thus adopting a purely confirmatory approach.
The restricted MIRT can be considered the IRT analogue to the confirmatory factor analysis (CFA) conducted in . The results of the analysis are depicted in Table 6 below. Factor loadings from the CFA are added in brackets. Where an item was excluded from the CFA analysis from , it contains "N/A" in brackets.
In the case of the restricted MIRT, items were assigned to scales as defined by the theoretical structure of the EEI. The results show a similar factor structure between the original CFA and IRT approaches, with differences primarily arising in the case where CFA items were assigned to different factors. At this stage, the results of the analysis established a similar pattern of factor loadings across the EFA, CFA and IRT approaches. This provides strong evidence of the factor analytic structure of the measure as well as model fit for the individual scales of the EEI. Next, the focus of the report will shift to the measurement invariance of the EEI in relation to turnover.
INVARIANCE TESTING: CONFIGURAL INVARIANCE
Most of the invariance analyses focused on invariance in specific personal characteristics such as gender, race, age and so forth, but seldom on a more business-related focus such as annual turnover.
A breakdown of the original response frequencies is provided in Table 1 . The vast majority of respondents responded by selection a 5 or 6 for the turnover item. No respondents fell into the "Annual turnover more than R0.20 million but less than R6 million" category. For the purposes of the IRT analysis, "do not know" (6) was excluded, as these results were not relevant to the analysis. "Annual turnover less than R0.20 million" (1) and "Annual turnover more than R0.20 million but less than R6 million" (2) were excluded because of the relatively small sample sizes. Owing to the unbalanced size of the "Annual turnover more than R64 million" (5) responses, a randomised selection of 500 cases (Tay et al., 2015) was used for analysis. The remaining three categories were recoded as follows:
1. Annual turnover more than R6 million but less than R32 million (small) 2. Annual turnover more than R32 million but less than R64 million (medium) 3. Annual turnover more than 64 million (large)
The following steps were followed to investigate measurement invariance in relation to annual turnover:
• Unidimensional analyses were conducted on each group within the annual turnover variable to assess factor loadings and goodness of fit between said groups. • A restricted multigroup MIRT was then conducted to examine the functioning of all subscales in the same model. This analysis included all four categories of annual turnover assessed simultaneously.
• Multigroup analyses were also conducted on a unidimensional level. This was done in order to obtain more detailed item level metrics. The multigroup unidimensional models provide the baseline group against which the DIF analysis can be compared.
•
The above three steps contributed towards an assessment of configural invariance. The last step, namely the DIF analysis, was conducted to provide evidence towards determining metric invariance. A multigroup DIF analysis was run on each subscale to determine the item differences between groups. The results of each DIF were compared to the corresponding baseline model to determine the presence of DIF (or DTF) at a model level. Table 7 provides a breakdown of goodness of fit of the unidimensional models run on each turnover group within each subscale. A total of 18 different models were analysed to account for the three categories within each of the six subscales.
Per Group Unidimensional Analyses: Turnover
Misfit was detected via the highly significant M 2 indicators. The second turnover response category ("Annual turnover more than R32 million but less than R64 million") reported a lower -2loglikelihood result, yet paradoxically a higher M 2 result, relative to the other groups in each subscale. The RMSEA reported fit indices that were more indicative of good model fit. Overall, no single group reported better fit relative to the other turnover categories. Since the M 2 statistic and -2loglikelihood are influenced by sample size, it is more prudent to place more weight on the RMSEA estimates (Hair et al., 2010) . In this instance, a sample size of more than 500 was used. According to Tay et al. (2015) , a sample size of more than 500 is suggested for IRT analysis. In general, the factor loadings were strong across all three turnover groups. On average, the factor loadings were somewhat weaker for group 2. However, the factor structure replicated relatively well across the three groups. The latent mean estimates and standard errors are reported in Table 11 . Since the reference group was "Annual turnover more than R6 million but less than R32 million", all the mean estimates across the six subscales seemed to be higher in the other two groups. It is important to reiterate that group mean comparisons are only permissible if the assumption of metric invariance holds across the majority of items in the subscales. According to this assumption, it would seem that the candidates in group 2 differed most from group 1. The latent covariances are reported in Table 11 . The covariances between the latent variables were all positive as would be expected. None of the standard errors were abnormally high. Table 13 presents the factor loadings for each baseline multigroup analysis. The results in this table suggest a high degree of consistency in the magnitude of factor loadings across the three turnover groups. However, the team subscale was problematic across the three groups and some abnormal factor loadings were reported. In Table 14 , the latent means, variance and standard deviation are reported with associated standard error estimates. The fit indices in Table 15 relate to the multigroup unidimensional models and are used as a reference or point of comparison to examine the assumption of metric invariance on the subscale level. Since DIF analyses take place on the subscale level, it does not make sense to compare the overall fit of the six subscales with one another. These estimates merely serve are baseline models to compare progressively restricted models of measurement invariance. 
DIF Analysis -Turnover
Wald's χ 2 statistic implies significant differences between groups. In the three group analyses, contrast 1 compares group 1 with groups 2 and 3 (1 vs 2, 3) . This can be regarded as the overall omnibus significance test similar to ANOVA. Contrast 2 compares groups 2 and 3 (2 vs 3).
Conducting post hoc analyses on annual turnover pairs (with group 1 as the consistent reference group) found evidence of limited DIF.
Overall, only one item on the Customer Service subscale demonstrated DIF according to the overall test (contrast 1). DIF post hoc analyses found no evidence of DIF between group 1 ("More than R6 million but less than R32 million") and group 2 ("More than R32 million but less than R64 million"). There was, however, one item with highly significant DIF between group 1 and group 3 ("More than R64 million").
• Group 1 and Group 3 Q33 (Total χ2 = 21.5; p<0.001)
Overall, only one item on the Immediate Manager subscale demonstrated DIF according to the overall test (contrast 1). When consulting the paired group analyses, the item differences were found to lie between Groups 1 and 3.
• Group 1 and Group 3 Q58 (Total χ 2 = 17.1; p<0.01)
Both the multigroup and paired DIF analyses found no evidence of item differences between groups on Organisational Commitment. Strong support was found for metric invariance for the Organisational Commitment subscale. Hence the group mean scores could be compared on this subscale with confidence.
Overall, only one item on the Organisational Satisfaction subscale demonstrated DIF according to the overall test (contrast 1). Item 23 demonstrated DIF across groups 1 and 2, as well as across groups 1 and 3.
• Group 1 and Group 2 Q23 (Total χ 2 = 11.7; p<0.05)
• Group 1 and Group 3 Q23 (Total χ 2 = 14.3; p<0.05)
No DIF was found for the Strategy and Implementation subscale. Both the multigroup and paired DIF analyses found no evidence of item differences between the groups on Strategy and Implementation. Strong support was found for metric invariance for the subscale. Hence group mean scores could be compared with confidence.
Overall, only one item in the Team subscale demonstrated DIF according to the overall test (contrast 1). Post hoc analyses of DIF for the Team subscale found the following evidence of differential functioning:
• Group 1 and Group 2 Q 49 (Total χ 2 = 16.2; p < 0.01)
• Group 1 and Group 3 Q38 (Total χ 2 = 12.3; p < 0.05) Q49 (Total χ 2 = 12.7; p < 0.05)
In Table 16 , the baseline models of each of the dimensions are compared to the DIF model to determine metric invariance. The results in Table 16 indicate a significant deterioration in the -2loglikelihood metric when slopes are constrained equal across groups. All " Diff. indicate significant differences between the baseline and restricted DIF models. With due consideration of the results reported in Table 16 , it would be imprudent to compare the latent means of subscales directly across the three groups, since the assumption of metric invariance was partially satisfied.
CONCLUSION
Previous results have successfully demonstrated evidence of configural invariance using a CFA approach. The current study undertook to assess the three steps of measurement invariance according to the IRT framework. The measurement assumptions and properties of IRT frameworks are superior to classic test theory approaches.
The IRT analyses found support for the assumption of configural invariance of the total measure as well as for the subscales. Factor loadings were robust, with only minimal differences across groups and acceptable standard error values. The first objective was thus achieved. However, with regard to the second objective, these results were tempered by relatively poor model fit and violation of the local independence requirement of IRT for some of the dimensions. This violation was most pronounced for the team subscale. It is posited that certain problematic items lead to a source of error in the analysis that has not been accounted for, such as multidimensionality.
Unidimensional DIF analyses were conducted at a subscale level to investigate metric invariance. The item slopes for each subscale were constrained equal, and the fit of the nested models was compared.
The -2loglikelihood difference test demonstrated a statistically significant difference in the model fit of between the baseline and restricted DIF models. This violates the requirements of metric invariance, namely that the slopes of the response categories in the graded model are similar across groups. Metric invariance can be considered an important prerequisite for comparing latent means between groups. Thus, the analyses demonstrated that for the most part it is not permissible to compare latent means directly across groups, especially for the Team dimension. In order to remedy this problem, items demonstrating DIF should be removed or adapted and retested.
With regard to the third objective, namely to determine the measurement of the EEI as a function of annual turnover, limited evidence of DIF was found. The results indicated only a few items demonstrating statistically different functioning as a result of annual turnover. Overall, only seven items demonstrated DIF, indicating, firstly, that the results of these items need to be interpreted with caution if the questionnaire is to be used in its current format. Most of the items can thus be used with confidence in future analysis pertaining to annual turnover. However, it is suggested that the seven mentioned items should be adapted or removed.
Another suggestion is that the model fit for the individual scales is conducted for other biographical variables such as race and gender.
As mentioned earlier, one of the limitations of the research was the sample population which focused well-educated and older individuals with senior positions at well-performing companies. It would be of value for future research to include more respondents at all job and educational levels.
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